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Ischaemic stroke represents a major health problem and is
an important cause of long-term disability in several
developed countries.1e4 Mortality from stroke ranges
between 10% and 30%,5 and its survivors remain at a high
annual risk of recurrent ischaemic events and mortality,
both from myocardial infarction (MI) and repeated stroke.6
The risk of stroke increases with each decade of life, and
the growth in the elderly population will be a source of
increasing disability. Atherosclerosis accounts for up to
one-third of all strokes. Atherosclerosis from supra-aortic
vessels and especially from the common carotid bifurcation
is a major cause of recurrent ischaemic stroke, accounting
for approximately 20% of all strokes,7 while nearly 80% of
these may occur without warning, thus emphasising the
need for careful patient follow-up.8e10
The pattern of progression of carotid stenosis is
unpredictable, and the disease may progress swiftly or
slowly or remain stable for many years. Modern medical
treatment aims to diminish the progress of the disease and
protect from stroke. Antiplatelets have been shown to
reduce the incidence of stroke, and statins have been
shown to have a stabilising effect on the atheromatous
plaque.
Carotid occlusive disease amenable to re-vascularisation
accounts for 5e12% of new strokes.8e11 The efficacy of
carotid endarterectomy (CEA) in preventing stroke in
patients with atherosclerotic carotid bifurcation stenosis
has been established.12,13 CEA is now the standard re-vas-
cularisation therapy, with which carotid artery stenting
(CAS) must be compared.
Reduction of risk and the need for specific accreditation
of specialists and institutions for the treatment of extra-
cranial carotid disease are now recognised14,15 and are vital
to ensure the greatest benefit from medical treatment, CEA
and CAS.
Selection of the best treatment strategy for both
symptomatic and asymptomatic patients is of outmost
importance. The impact of the new medications and of the
endovascular procedures requires careful re-evaluation of
established concepts to provide guidelines for institutions
and individual practitioners dealing with extracranial
carotid disease.
With many clinical trials having been completed and
more still ongoing, the need for guidelines representing
the views of the Society combined with the input of
specialists from other disciplines dealing with the disease
was felt to be of potential benefit for all healthcare
professionals, the members of the Society and the
public.Aiming to reach a readership of not only vascular
specialists but also physicians in primary health care, the
ESVS Guidelines project was launched at the European
Society for Vascular Surgery (ESVS) meeting on 17
September 2005 in Helsinki, Finland.
The goals of this project are to provide an abbreviated
document, to focus on key aspects of invasive treatment of
carotid disease and to update information based on recent
publications and the more recent available guidelines. The
recommendations are graded according to levels of
evidence. It should be emphasised that good practice is
based on a combination of the scientific evidence, patients’
preferences and local availability of facilities and trained
professionals.
This document has been developed with a broad Euro-
pean representation. Specialists were called together in
2005 to form the Carotid Guidelines Working Group on
a voluntary basis among the ESVS members and the Euro-
pean Board of Vascular Surgery national representatives.
They are all acknowledged vascular experts in the field of
carotid artery disease (CAD). In order to produce a credible
document, expertise from other disciplines (neurology,
radiology, vascular medicine and cardiology) was sought.
The working groups reviewed the literature and, after
extensive correspondence and meetings, proposed a series
of draft documents with clear recommendations for the
treatment of CAD. The draft documents were sent to the
reviewers for their comments and corrections. The
reviewers comments were taken back to the Guidelines
Committee, where all of the amendments, additions and
alterations suggested were discussed, and the final
consensus document was agreed upon. This document was
presented to and approved by the ESVS Council and was then
presented to the ESVS General Assembly, which approved
and endorsed the document.
The article is constructed in such a way that vascular
specialists will find most of the information required for
everyday practice in patients with carotid stenosis, while
health physicians from other disciplines will easily find
guidance for referral of patients and the expected
outcomes of various treatment options. The reader should
keep in mind that the guidelines can be based only on
existing published evidence and do not reflect individual
preferences or practice of the authors.
Grading of recommendations
The recommendations and selected statements are rated
according to the guidance issued by the former US Agency
for Health Care Policy and Research,16 now renamed the
Agency for Healthcare Research and Quality:
Grade Recommendation
A Based on the criterion of at least one randomised, controlled clinical trial as part of the body of literature of overall
good quality and consistency addressing the specific recommendation.
B Based on well-conducted clinical studies but no good-quality randomised clinical trials on the topic of
recommendation.
C Based on evidence obtained from expert committee reports or opinions and/or clinical experiences of respected
authorities. (i.e., no applicable studies of good quality)
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level of available evidence and does not necessarily relate
to clinical importance.
A. Indications
The indication to treatment of patients with carotid disease
should consider five different aspects:
1. neurological symptomatology,
2. degree of carotid stenosis,
3. medical co-morbidities,
4. vascular and local anatomical features, and
5. carotid plaque morphology.
In routine clinical practice, the indication to treat using
invasive techniques is usually based on 1 and 2, while the
choice between carotid endarterectomy (CEA) and carotid
artery stenting (CAS) is mainly based on 3, 4 and 5.A1 Neurological Symptomatology and Degree
of Carotid Stenosis
A1.1 Neurological symptomatology and degree of carotid
stenosis: Cut-off points for CEA
Patients are considered to be symptomatic (according to
the most relevant randomised clinical trials (RCTs)) if they
have suffered a carotid distribution transient ischaemic
attack (TIA) or a non-disabling stroke in the preceding
6 months.17,18 Patients with disabling strokes were not
included in the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) and in the European Carotid
Surgery Trial (ECST). The degree of stenosis in symptomatic
patients is now usually calculated according to the Mon-
eta’s (NASCET) criteria: an internal carotid artery to
common carotid artery peak systolic velocity (ICA/CCA PSV)
ratio of 4 identifies a 70% stenosis.19 A 70% stenosis calcu-
lated according to the NASCET criteria corresponds to an
83% stenosis according to the ECST criteria.
On pooling data from the ECST, NASCET and Veterans
Affairs trial, 35 000 patient-years of follow-up were ana-
lysed.20 Surgery increased the 5-year risk of ipsilateral
ischaemic stroke in patients with less than 30% stenosis
(nZ 1746, absolute risk reductionZ 2.2%, pZ 0.05), had
no effect in patients with 30e49% stenosis (1429, 3.2%,
pZ 0.6), was of marginal benefit in those with 50e69%
stenosis (1549, 4.6%, pZ 0.04) and was highly beneficial inthose with 70% stenosis or greater without near-occlusion
(1095, 16.0%, p < 0.001).
On pooling data from the ECST and NASCET, it has been
demonstrated in 5893 patients with 33 000 patient-years
of follow-up that the randomisation within 2 weeks after
the last ischaemic event increased the effectiveness of
surgery (pZ 0.009).21 The number of patients needed to
undergo surgery (i.e., the number needed to treat (NTT))
to prevent one ipsilateral stroke in 5 years was five for
those randomised within 2 weeks after their last ischaemic
event versus 125 for patients randomised after more than
12 weeks.
After 4657 patient-years of observation over a median
2.7 years of follow-up, the Asymptomatic Carotid Athero-
sclerosis Study (ACAS) estimated that the aggregate 5-year
risk of ipsilateral stroke and any perioperative stroke or death
was 5.1% for surgical patients and 11.0% for patients treated
medically (aggregate risk reduction of 53%).22 The expert
panel of the American Heart Association (AHA) has therefore
assigned a ‘grade A recommendation’ to the use of endar-
terectomy in selected asymptomatic patients with high-grade
stenosis, provided the rate of perioperative stroke and death
is 3% and life expectancy is at least 5 years.14
The Asymptomatic Carotid Surgery Trial (ACST) rando-
mised 3120 asymptomatic patients between immediate CEA
and indefinite deferral of any CEA.23 Combining the peri-
operative events and the non-perioperative strokes, the net
5-year risks were 6.4% versus 11.8% for all strokes (net gain
5.4%, p < 0.0001), 3.5% versus 6.1% for fatal or disabling
strokes (netgain2.5%,pZ 0.004)and2.1%versus4.2%just for
fatal strokes (net gain 2.1%, pZ 0.006). In asymptomatic
patients aged below 75 years with 70% carotid diameter
reductiononultrasound, immediateCEAhalvedthenet5-year
stroke risk from 12% to 6% (including the 3% perioperative
hazard). Unlike ACAS, the benefit in ACST was demonstrated
for overall, fatal, disabling and non-disabling strokes.
The benefit from CEA for women was not demonstrated
in the ACAS. In the ACST study, the absolute risk reduction
(ARR) in women was 4.1% (3.4% in the immediate CEA group
vs. 7.5% in the deferral one), which was not statistically
significant (pZ 0.07),24 and in men, the ARR was 8.2% (2.4%
vs. 10.6%, respectively) with a significant benefit
(p < 0.0001). The NNT was 12 for men and 24 for women
over 5 years. The longer the follow-up, the greater was the
benefit from CEA for women: the immediate hazard of
death or stroke was 3.7% and the benefit was 1.25% per
year; consequently, about 3 years are required to coun-
terbalance the perioperative risk. In men, the benefit is
already significant after 1.5 years.
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symptomatology and degree of carotid stenosis
 The operative treatment of carotid disease is abso-
lutely indicated in symptomatic patients with >70%
(NASCET) stenosis [A] and probably with >50% (NASCET)
stenosis [A]. The perioperative stroke/death rate
should be <6%. CEA is contraindicated for symptomatic
patients with less than 50% stenosis [A].
 CEA should be performed within 2 weeks of the
patient’s last symptoms [A].
 CEA can be recommended for asymptomatic men below
75 years with 70e99% stenosis if the risk associated
with surgery is less than 3% [A].
 The benefit from CEA in asymptomatic women with
carotid stenosis is significantly less than in men [A]. CEA
should therefore be considered only in younger, fit
women [A].
A1.2 The present role of endovascular interventions
for symptomatic lesions
Several trials have compared CEA and carotid stenting. The
Carotid and Vertebral Artery Transluminal Angioplasty Study
(CAVATAS)25 suggests that angioplasty and surgery are
equally effective in preventing stroke, and the death and
disabling stroke rate is the same following angioplasty and
surgery. The hazard ratio for any disabling stroke or death
was 1.03 (95% confidence interval (CI): 0.64e1.64,
pZ 0.09), 1.04 (95% CI: 0.63e1.70, pZ 0.9) for ipsilateral
stroke lasting more than 7 days and 1.22 (95% CI: 0.63e2.36,
pZ 0.4) for disabling or fatal ipsilateral stroke (when other
causes of treatment-related death were excluded).
The Stenting and Angioplasty with Protection in Patients
at High Risk for Endarterectomy Investigators (SAPPHIRE)
trial26 concluded that angioplasty using protection device
results in 12.2% 1-year major adverse events, compared to
20.1% for surgery patients, and individual end-points
produced better results for angioplasty compared to surgery
(death: 6.9e12.6%, stroke: 5.7e7.3%, myocardial infarction
(MI): 2.5e7.9%). It should be noted, however, that 70.1% of
the patients included in the trial were asymptomatic.
The Endarterectomy Versus Angioplasty in patients with
Severe Symptomatic carotid Stenosis (EVA 3S)27 and the
Stent-Supported Percutaneous Angioplasty of the Carotid
Artery versus Endarterectomy (SPACE)28 are the two most
recently published trials comparing CAS and CEA in symp-
tomatic patients. The EVA 3S trial was discontinued
because the odds ratio of stroke and death was 2.5 times
higher in the CAS group. The SPACE trial failed to prove the
non-inferiority of CAS compared to surgery. In most end-
points there was a trend towards better results with CEA.
An unequivocal advantage of CAS over CEA is the avoid-
ance of cranial nerve injuries. Such injuries can be found on
detailed examination by a speech therapist in up to 27.5% of
patients undergoing CEA.29 The respective value in the
recent randomised trials, inwhich the usual examinationwas
performed, was 4.9e9%, whereas the incidence of cranial
nerve injury in patients undergoing CAS was 0e1.1%.25e27
The most recent meta-analysis by The Cochrane Collabo-
ration of eight randomised trials comparing CEA with CAS
(CAVATAS, Kentucky, Leicester, Wallstent, SAPPHIRE, EVA-3S,
SPACE and BACASS) showed that surgery is associated withlower stroke and death ratewithin 30 days of treatment (odds
ratio (OR): 1.39, 95% CI: 1.05e1.84, pZ 0.02) and higher
cranial neuropathy rate (OR: 0.07, 95% CI: 0.03e0.20,
p < 0.01).30 No significant differences were found in the
following outcome comparisons: 30-day stroke, MI or death
and stroke during long-term follow-up. The authors conclude
that currently available data do not support a change in clin-
ical practice away from recommending CEA as the treatment
of choice for suitable carotid artery stenosis. At present,
several large RCTs comparing CEAwith CAS are in progress for
symptomatic patients, and their results are awaited.
Long-term outcomes
In the SAPPHIRE trial, the pre-specified major secondary
end-point at 3 years was a composite of death, stroke or MI
within 30 days after the procedure or death or ipsilateral
stroke between 31 and 1080 days (3 years).31 This was
reached by 24.6% of patients in the CAS group and 26.9% of
patients in the CEA group (pZ 0.71). Among symptomatic
patients, the rates of the composite end-point were 32%
and 21.7% in the CAS and CEA groups, respectively. It should
be noted, however, that subgroup analysis of the data,
based on whether the patient had symptomatic or asymp-
tomatic disease, was problematic, given the small number
of patients and the fact that such analysis was not
pre-specified.
The mid-term outcomes of EVA-3S and SPACE have
recently been published.32,33 In EVA-3S, the cumulative
probability of peri-procedural stroke or death and non-
procedural ipsilateral stroke after 4 years of follow-up was
higher with CAS than with CEA (11.1% vs. 6.2%). This
difference was largely accounted for by the higher peri-
procedural (within 30 days of the procedure) risk of CAS
compared with CEA (9.6% vs. 3.9%). After the peri-proce-
dural period, the risk of ipsilateral stroke was low and similar
in both treatment groups (4.49% and 4.94% for CAS and CEA,
respectively).32 In the SPACE results, the rate of any peri-
procedural stroke or death in addition to ipsilateral ischae-
mic stroke within 2 years was 8.8% in the CEA group, and
9.5% in the CAS group (pZ 0.31).33 The absolute number of
recurrent ischaemic events after the peri-procedural period
up to 2 years was 10 events after endarterectomy (1.9%) and
12 after stenting (2.2%). Excluding those patients who had
not received the allocated treatment modality, the results
were similar: 7.8% in the endarterectomy and 9.4% in the
stenting groups. Thus, the SPACE mid-term results indicate
that if a patient has been treated successfully without any
complications, the risk of stroke is very small and very
comparable between CEA and CAS. The rate of re-stenosis
was reported to be considerably higher for the CAS group
(10.7% vs. 4.6% in the intention-to-treat population and
11.1% vs. 4.6% in the per-protocol population), but only
two incidences of recurrent stenoses after CAS led to
neurological symptoms.
Invasive treatment recommendation 2. CAS in symptomatic
patients
 The available level I evidence suggests that for symp-
tomatic patients, surgery is currently the best option [A].
 Mid-term stroke prevention after successful CAS is
similar to CEA [A].
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are at high risk for CEA, in high-volume centres with
documented low peri-procedural stroke and death rates
or inside an RCT [C].
Critical issue
 More evidence is required to establish the role of CAS in
symptomatic CAD, both in the peri-procedural period as
well as in the long term.
A1.3 The present role of endovascular management of
asymptomatic carotid disease
Procedural outcomes
One randomised trial specifically compares CAS with CEA in
asymptomatic patients. In the SAPPHIRE trial26 (see also
previous section), 334 patients considered to be at high risk
for CEA were randomised between CEA and CAS; of these
patients, 70.1% were asymptomatic. The primary end-point
at 30 days was a combined incidence of death, stroke and
MI, which occurred in 5.4% of the asymptomatic patients
who received a stent compared to 10.2% of those who
underwent surgery. This was statistically not considered to
be different (pZ 0.20). There was a 4.9% cranial nerve
palsy rate in the surgical group.
Another randomised trial, comprising 85 patients,
compared CAS and CEA in asymptomatic patients and
concluded that both the methods are equally effective and
safe.34
There are several other papers comparing CEA and CAS
in asymptomatic patients with variable results. Unfortu-
nately, none of these studies was an RCT.
Long-term outcomes
Data on the durability of CAS in asymptomatic patients are
limited. The 3-year cumulative end-point in the SAPPHIRE
trial, combining the 30-day end-point with ipsilateral stroke
and death between 31 days and 3 years, was reached by
21.4% of asymptomatic patients receiving a stent and 29.2%
of those undergoing endarterectomy.31 As previously
mentioned, however, this subgroup analysis was not pre-
specified in the study design of this RCT.
A recent retrospective investigation of 3179 CAS proce-
dures performed at four European carotid high-volume
centres has concluded that CAS is a durable procedure for
stroke prevention, with an annual neurological complica-
tions rate comparable to that of conventional surgery, both
for symptomatic and asymptomatic patients.35 Evidence
from RCTs is needed to verify these findings.
Invasive treatment recommendation 3. CAS in asymptomatic
patients
 Meanwhile, it is advisable to offer CAS in asymptomatic
patients only in high-volume centres with documented
low peri-procedural stroke and death rates or within
well-conducted clinical trials [C].
Critical issue
 The benefit from CAS in asymptomatic patients with
carotid artery stenosis is still to be demonstrated.A1.4 Neurological symptomatology and degree of carotid
stenosis: Carotid stenting at the same cut-off points of
CEA?
In several centres, if a patient has a degree of stenosis that
requires a surgical treatment (50% or more for symptom-
atics and 70% or more for asymptomatics), then the patient
will be a candidate also for CAS. The point is that no RCT
has proved the effectiveness of CAS over a specific cut-off
point of the degree of carotid stenosis. An RCT comparing
the best medical treatment versus carotid stenting both in
symptomatic and asymptomatic patients (equivalent to
NASCET/ACST for surgery) is not available. ACST-2 is a new
randomised trial that compares CEA with CAS in asymp-
tomatic patients, while another multinational randomised
trial, TACIT (Transatlantic Asymptomatic Carotid Interven-
tion Trial), compares optimal medical therapy (OMT) alone,
OMT plus stenting and OMT plus CEA in asymptomatic
patients.
The lack of standardisation in the indication to treat-
ment of CAS is evident in the ongoing RCTs on CAS, as the
cut-off points used are always different. In the Carotid
Revascularization Endarterectomy versus Stent Trial
(CREST),36 the lowest degree of stenosis was 50% in symp-
tomatic patients and 70% in asymptomatic patients. In the
SAPPHIRE trial,26 the thresholds were 50% and 80%,
respectively. The inclusion criterion for the International
Carotid Stenting Study (ICSS) and the SPACE study was
a symptomatic carotid stenosis 50% by NASCET criteria.37e40
The EVA-3S trial enrolled only symptomatic patients with
a 60% stenosis (NASCET criteria).41
Critical issues
 The assumption that a patient can be treated with CAS
when he has an indication to CEA (carotid stenosis
greater than 50% in symptomatics or 70% in asymp-
tomatics) has not been validated.
 There is no randomised evidence on the specific
threshold in the degree of stenosis over which there is
an indication to CAS (neither in symptomatic nor
asymptomatic patients).
A2 Medical Co-morbidities and High-risk Patients
The concept of a high-risk patient is very controversial. It
appears that when patients meet NASCET/ACAS exclusion
criteria, they are automatically defined as high risk.
According to the SAPPHIRE trial, a high-risk patient with
medical co-morbidities has one of the following features:
 congestive heart failure (New York Heart Association
class III/IV) and/or a known severe left ventricular
dysfunction;
 open heart surgery needed within 6 weeks;
 recent MI;
 unstable angina (Canadian Cardiovascular Society class
III/IV); or
 severe pulmonary disease.
In the SAPPHIRE trial,26 the major adverse events
(death, stroke and MI) at 1 year were 12.2% in the CAS group
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(pZ 0.053). However, it is unknown what the major
adverse event rate would have been if patients had
received best medical treatment alone without any inter-
vention. In this context, it should be noted that there is no
indication from the literature that a ‘high risk’ for surgery
patient is also at ‘high risk’ for stroke if medically treated.
Therefore, a peri-interventional stroke or death risk of >3%
in ‘high-risk for surgery’ patients with asymptomatic
carotid stenosis cannot be accepted.
Several authors stratified CEA candidates according to
inclusion and exclusion criteria from the SAPPHIRE trial.
A comparison of high-risk and low-risk CEA cases demon-
strated no statistical difference in the major adverse event
rate. The authors showed that CEA can be performed in
patients at high risk, with cardiac, stroke and death rates
well within the accepted standards.42e46
Illig compared outcomes after CEA in patients who would
have been excluded from the NASCET and ACAS trials and
would have been eligible for the Acculink for Revascular-
isation of Carotids in High Risk Patients (ARCHeR) study.47
No statistically or clinically significant differences were
found in the combined 30-day stroke or death rates after
CEA in any group defined by previous surgical trials or
current ongoing high-risk stent registries.
The age was considered as a risk factor for CEA. One of
the inclusion criteria of the SAPPHIRE trial was age above
80 years. Nevertheless, it has been demonstrated that
octogenarians undergoing CAS are at higher risk than non-
octogenarians for peri-procedural complications, including
neurological events and death.36,48 On the other hand, the
most recent papers on surgical treatment of octogenarians
demonstrated that the major adverse event rate was
similar to that of non-octogenarians.49,50
Invasive treatment recommendation 4. Treatment options
influenced by medical co-morbidities
 CEA can be performed in high-risk patients with
cardiac, stroke and death rates well within accepted
standards [B].
 For asymptomatic patients at ‘extremely’ high risk
(several medical comorbidities at the same time), best
medical treatment might be the best option instead of
invasive intervention [C].
 CAS is associated to higher risk of embolisation in octo-
genarians [B]. CEA is performed in octogenarianswithout
increased risk of embolisation and with an acceptable
rate of neurological and cardiac complications [C].
 CAS should not be offered to asymptomatic ‘high-risk’
patients if the peri-interventional complication rate is
>3% [C].
A3 Vascular and Local Anatomical Features
Complex bifurcation disease with long, multifocal lesions or
an angulated ICA, extensive aortic or brachiocephalic trunk
plaque, severe tortuosity or calcification of the aortic arch
vessel, or ring-like, heavy calcifications of the carotid
bifurcation are considered relative contraindications to
CAS. Only high-volume centres with documented low peri-procedural stroke and death rate may treat such patients
with CAS.
On the other hand, CAS is indicated in patients with
contralateral laryngeal nerve palsy and previous radical
neck dissection or cervical irradiation and with prior CEA
(re-stenosis), because the rate of cranial nerve injuries
following surgery is higher in this subset. Moreover, CAS
can be offered to patients with high bifurcation or intra-
cranial extension of a carotid lesion, where surgical access
could be difficult or in patients at high risk of cerebral
ischaemia during carotid clamping (occlusion of the
contralateral internal carotid artery and anomalies of the
circle of Willis). This is based on experts’ opinion and not
on RCTs.7
It should be noted, however, that none of these condi-
tions is associated with an increased stroke risk, if medi-
cally treated, compared with the risk in patients with
favourable for surgery anatomy. Therefore, CAS should not
be offered if the peri-interventional stroke risk is >3%.Invasive treatment recommendation 5. Treatment options
according to vascular and local anatomical features
 CAS is indicated in case of contralateral laryngeal nerve
palsy, previous radical neck dissection, cervical irradi-
ation, with prior CEA (restenosis), with high bifurcation
or intracranial extension of a carotid lesion, provided
that the peri-interventional stroke or death rate is
higher than that accepted for CEA [C].
 CAS is not advisable in patients with extensive aortic
and supra-aortic vessel plaques, calcification and
tortuosity, unless performed in high-volume centres
with documented low peri-procedural stroke and death
rate [C].
A4 Carotid Plaque Morphology and the Risk of
Embolisation During CAS: Carotid Plaque
Echolucency and Ulceration
Echolucent plaques generated a higher number of embolic
particles following balloon angioplasty and stenting in an ex
vivo model.51 Low GSM plaques have also been found to be
independent predictors of stroke during CAS in the Imaging
in Carotid Angioplasty and Risk of Stroke (ICAROS) study.52
These findings, however, were not reproduced by a sub-
sequent study.53
While several authors have demonstrated in more than
8000 patients that carotid plaque echolucency is an
important factor in determining future neurological
events,54e58 the reproducibility of the technique has been
questioned.59e61 New imaging modalities as well as bio-
logical markers are increasingly used for the identification
of the vulnerable carotid plaque. Computed tomography
angiography (CTA), especially with the use of multidetector
scanners, can measure plaque density and distinguish
among plaque features such as calcium, lipid and fibrous
stroma, while it can also help in the evaluation of surface
irregularities.62,63
Magnetic resonance imaging (MRI) can detect and quantify
various plaque components such as the lipid-necrotic core,
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with the use of targeted contrast agents is currently under
investigation for the characterisation of the cellular biology
of the carotid plaque. In this context, targeted contrast
agents have been used for the detection of macrophage
activity, thrombus, neo-vascularisation, protease activity
and apoptosis.65,66
Fluorine-18-labelled fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) can detect metabolic activity
and, thus, identify inflammation.65 Novel techniques,
including optical coherence tomography (OCT) and time-
resolved laser-induced fluorescence spectroscopy
(TR-LIFS), have also been used for the characterisation of
vulnerable carotid plaques.67,68
Several cells typical for the atherosclerotic plaque such
as monocyte-derived macrophages, T-lymphocytes, acti-
vated endothelial cells and proliferating smooth muscle
cells produce and secrete molecules that can be measured
in the circulation and, thus, can be used as biomarkers of
plaque instability and rupture. Such molecules include
C-reactive protein, matrix metalloproteinases and their
inhibitors, soluble CD40 ligand, cytokines, oxidised LDL,
lipoprotein-associated phospholipase A2, type II secretory
phospholipase A2, myeloperoxidase, monocyte chemo-
attractant protein-1, etc.69,70
Identification of a vulnerable carotid plaque by some of
these modalities may lead some to opt for CEA rather than
CAS, or for a reversal of flow neuroprotection device rather
than a filter wire which involves traversing the lesion.
However, studies evaluating the modification of the ther-
apeutic strategy according to the instability of the carotid
plaque, as assessed by the aforementioned techniques, are
lacking in the literature.
Some authors have suggested that increased wall
coverage by a closed-cell stent may yield additional stabi-
lisation of a vulnerable plaque and thus increase safety of
the procedure. A multicentre study analysing 3179 consec-
utive patients showed that the late-event rates varied from
1.2% to 3.4% for free-cell areas <2.5 mm2 and >7.5 mm2,
respectively.71 Post-procedural event rate was 1.3% for
closed cells and 3.4% for open cells. All these differences
were highly pronounced among symptomatic patients.
These findings, however, were countered by a subsequent
publication reporting no association between stent design
and neurological complications among 1684 patients
undergoing CAS in 10 European centres.72 None of these
studies was randomised.
Invasive treatment recommendation 6. Treatment options
according to carotid plaque morphology
 Plaque morphology should be assessed in all cases
before invasive treatment [B].
 The plaque at risk of peri-procedural embolisation should
be identified by validated imaging (GSM, etc.) or other
diagnostic techniques such as biological markers [C].
Critical issues
 The brain protection device (BPD) used during the endo-
vascular procedure cannot protect from lateembolisation. The selection of carotid plaques at lower
embolic potential is essential to reduce late
complications.
 There is no randomised trial demonstrating the supe-
riority of one stent compared to others (tapered vs.
straight, open- vs. closed cell) in the reduction of
neurological complications.
B. Techniques
B1 Techniques Of CEA
B1.1 Shunting
Temporary interruption of cerebral blood flow during CEA
can be avoided by using a shunt across the clamped
section of the carotid artery. This may improve the
outcome. Two trials involving 590 patients compared
routine shunting with no shunting.73,74 Another trial
involving 131 patients compared shunting with a combina-
tion of electroencephalographic and carotid pressure
measurement, with the need to shunt assessed by carotid
pressure measurement alone.75 For routine versus no
shunting, there was no significant difference in the rate of
all stroke, ipsilateral stroke or death up to 30 days after
surgery, although data were limited. There was no signif-
icant difference between the risk of ipsilateral stroke in
patients selected for shunting with a combination of
electroencephalographic and carotid pressure assessment
compared to pressure assessment alone, although again
the data were limited.76
In one large analysis from the ECST trial,77 in 1729
patients, no statistically significant associations between
operative risk and the use of shunting, patching, intra-
operative EEG monitoring or type of anaesthetic was found.
Invasive treatment recommendation 7. Shunting
 There is no evidence for the routine use of shunts
during CEA [A].
Critical issue
 There is still insufficient evidence from RCTs to support
or refute the use of routine or selective shunting during
CEA. Further, there is little evidence to support the use
of one form of monitoring over another in selecting
patients requiring a shunt. A large RCT (3000e5000
patients) would be required to assess whether shunting
reduces the risk of peri-operative and long-term death
and stroke.
B1.2 Patch angioplasty versus primary closure
Carotid patch angioplasty (with either a vein or a synthetic
patch) may reduce the risk of carotid artery re-stenosis and
subsequent ischaemic stroke when compared to CEA with
primary closure.
A Cochrane review78 included seven trials;79e85 in which,
patients were randomised to primary closure, vein patch or
synthetic patch groups, resulting in 1127 patients undergoing
1307 operations that are available for analysis. The quality of
trials was generally poor. Follow-up varied from hospital
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ated with a reduction in the risk of stroke of any type
(ORZ 0.33, pZ 0.004), ipsilateral stroke (ORZ 0.31,
pZ 0.0008) and stroke or death during the peri-operative
period (ORZ 0.39, pZ 0.007) and long-term follow-up
(ORZ 0.59, pZ 0.004). It was also associated with
a reduced riskof perioperativearterial occlusion (ORZ 0.15,
95% CI: 0.06e0.37, pZ 0.00004) and decreased re-stenosis
during long-term follow-up in five trials (ORZ 0.20, 95% CI:
0.13e0.29, p < 0.00001). The sample sizes are still relatively
small, data were not available from all trials and there was
significant loss to follow-up. Very few arterial complications,
including haemorrhage, infection, cranial nerve injury and
pseudo-aneurysm formation, were recorded with either
patchorprimary closure.No significant correlationwas found
between the use of patch angioplasty and the risk of either
perioperative or long-term all-cause death rates.
One recent RCT86 comparing 216 primary closure with
206 polyurethane patch angioplasties confirmed the
significant reduction of re-stenosis rate and could not find
any difference in perioperative complications.
Invasive treatment recommendation 8. Patch angioplasty
 Evidence suggests that carotid patch angioplasty
reduces the risk of occlusion and re-stenosis, as well as
the risk of combined stroke/death [A].
B1.3 Patch angioplasty with different materials
Some surgeons who use carotid patching favour using
a patch made from an autologous vein, whilst others prefer
to use synthetic materials. A Cochrane review87 included
eight trials79,83,88e93 involving 1480 operations. Prior to
1995, all studies had compared vein closure with poly-
tetrafluoroethylene (PTFE) closure,79,83,89,90 but three of
the later studies compared vein to Dacron patches91e93 and
one compared Dacron with PTFE.88 The treatment alloca-
tion was not adequately concealed in two trials, and one
only followed up patients to the time of hospital discharge.
An intention-to-treat analysis was possible for six trials. In
all but two trials a patient could be randomised twice and
have each carotid artery randomised to different treatment
groups. There were too few operative events to determine
whether there was any difference between the vein and
Dacron patches for perioperative stroke, death and arterial
complications. A study that compared Dacron and PTFE
patches found a significant risk of combined stroke and TIA
(pZ 0.03) and re-stenosis at 30 days (pZ 0.01), a border-
line significant risk of perioperative stroke (pZ 0.06) and
a non-significant increased risk of perioperative carotid
thrombosis (pZ 0.1) with Dacron compared with PTFE.
Five trials followed up patients for longer than 30 days.
During follow-up for more than 1 year, no difference was
shown between the two types of patches for the risk of
stroke, death or arterial re-stenosis. However, the number
of events was small. Based on 15 events in 776 patients in
four trials, there were significantly fewer pseudo-aneu-
rysms associated with synthetic patches than with vein
(ORZ 0.09, 95% CI: 0.02e0.49), but the numbers involved
were small and the clinical significance of this finding is
uncertain.One RCT of 273 patients who underwent 276 CEA
procedures, using a Dacron patch in 137 operations and vein
in 139 operations, has recently been published.92 Patch
type had no influence on early operative risk, no association
with enhanced patterns of thrombogenicity in the early
postoperative period and no influence on risk for ipsilateral
or any stroke at 3 years. Dacron patches were, however,
associated with a significantly higher incidence of recurrent
stenosis at 3 years, with most occurring within 6e12 months
of surgery.
Data from observational studies indicate that vein-patch
rupture is more likely if the vein is harvested from the
ankle.94e96 Therefore, if a vein patch is to be used, it seems
more appropriate to use the proximal part of the saphenous
vein from the groin or the thigh.
Critical issue
 As differences between the outcomes with different
patch materials are small, more data than currently
available would be required to draw firm conclusions.
B1.4 Type of endarterectomy
CEA is conventionally undertaken by a longitudinal arte-
riotomy. Eversion CEA, which employs a transverse arte-
riotomy and re-implantation of the carotid artery, is
reported to be associated with low perioperative stroke and
re-stenosis rates but an increased risk of complications
associated with a distal intimal flap.
Five trials97e101 were included for a total of 2465
patients and 2589 arteries.102 Three trials included bilateral
CEAs. In one trial, arteries rather than patients were
randomised so it was not clear how many patients had been
randomised in each group, therefore, information on the
risk of stroke and death from this study were considered as
a separate analysis. There were no significant differences in
the rate of perioperative stroke and/or death (1.7% vs.
2.6%, ORZ 0.44, 95% CI: 0.10e1.82) and stroke during
follow-up (1.4% vs. 1.7%, ORZ 0.84, 95% CI: 0.43e1.64)
between eversion and conventional CEA techniques. Ever-
sion CEA was associated with a significantly lower rate of
re-stenosis >50% during follow-up (2.5% vs. 5.2%,
ORZ 0.48, 95% CI: 0.32e0.72). However, there was no
evidence that the eversion technique for CEA was associ-
ated with a lower rate of neurological events when
compared to conventional CEA. There were no statistically
significant differences in local complications between the
eversion and conventional group. No data were available to
define the costebenefit trade-off of eversion CEA tech-
nique. It should also be noted that when only CEA with
patch (and not primary closure) was compared with ever-
sion endarterectomy, there was no statistically significant
difference between the two techniques in terms of re-
stenosis rate.
The Cochrane review concludes that eversion CEA may
be associated with low risk of arterial occlusion and re-
stenosis.102 However, the numbers are too small to defini-
tively assess benefits or harms. Reduced re-stenosis rates
did not appear to be associated with clinical benefit in
terms of reduced stroke risk, either perioperatively or
later.
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endarterectomy
 The choice of the CEA technique should depend on the
experience and familiarity of the individual surgeon [A].
B1.5 Local versus general anaesthesia
CEA reduces the risk of stroke in people with recently
symptomatic, severe carotid artery stenosis. However,
there are significant perioperative risks which may be
lessened by performing the operation under local rather
than general anaesthesia (GA).
A Cochrane review included six randomised trials 103e108
involving 554 operations and 41 non-randomised studies
involving 25 622 operations.109 The methodological quality
of the non-randomised trials was questionable. Eleven of
the non-randomised studies were prospective and 29
reported on a consecutive series of patients. In nine non-
randomised studies, the number of arteries, as opposed to
the number of patients, was unclear. A meta-analysis of the
non-randomised studies showed that the use of local
anaesthesia was associated with significant reductions in
the odds of death (35 studies), stroke (31 studies), stroke or
death (26 studies), MI (22 studies) and pulmonary compli-
cations (seven studies) within 30 days of the operation.
A meta-analysis of the randomised studies showed that the
use of local anaesthesia (LA) was associated with a signifi-
cant reduction in local haemorrhage (ORZ 0.31, 95% CI:
0.12e0.79) within 30 days of the operation, but there was
no evidence of a reduction in the odds of operative stroke.
However, the trials were too small to allow reliable
conclusions to be drawn, and, in some studies, intention-to-
treat analyses were not possible because of exclusions.
The GALA (general anaesthesia vs. local anaesthesia)
trial is the largest randomised surgical/anaesthetic trial
ever performed and included 3526 patients recruited by 95
centres in 24 countries.110 This two-arm, parallel group,
multicentre RCT was designed to determine whether the
type of anaesthesia influenced perioperative morbidity and
mortality (particularly from stroke), quality of life in the
short term and stroke and MI-free survival to 1 year.111
An analysis of the results110 has shown that primary
outcome events (MI, stroke or death) were observed (ran-
domisation: 30 days post-surgery) in 84 of 1752 (4.8%) GA
and 80 of 1771 (4.5%) LA patients and this difference was
not statistically significant, even when primary outcome
events were considered individual. Similarly, there were no
differences between LA and GA for patients aged above or
below 75 years or for those considered at higher risk from
surgery. In 310 patients with contralateral carotid occlu-
sion, there were 23 primary outcome events (15 of 150
(10%) GA vs. 8 of 160 (5%) LA, P for interaction is 0.098).
Further, neurological events were more likely to occur
contralateral to the operated artery (i.e., on the same side
as the occlusion) in the GA group (54% vs. 29%). Thus, LA
might offer an advantage for patients with a contralateral
occlusion. Further, 1-year survival data for GALA patients
suggested fewer subsequent events in LA patients (log-rank
test p < 0.094).
It should be noted that the complication rate for both GA
and LA groups was considerably lower than the results ofNASCET and ECST trials, indicating that outcomes of CEA
have substantially improved during the recent years.
Invasive treatment recommendation 10. Local versus
general anaesthesia
 Both LA and GA are safe. The anaesthetist and surgeon,
in consultation with the patient, should determine the
method of anaesthesia. Particularly for patients with
a contralateral carotid occlusion, LA might offer some
benefit [A].
B1.6 Quality control of CEA
CEA deals successfully with carotid atheromatous lesions,
thus eliminating a potential source of cerebral emboli. At
times, however, residual haemodynamic irregularities may
occur as a result of technique imperfection or anatomical
variations. These irregularities have been associated with
a number of immediate and late postoperative complica-
tions, such as recurrent cerebrovascular symptoms and
secondary episodes of stroke. For this reason, the
detection of flow abnormalities or intimal defects in
patients undergoing CEA and the achievement of normal
intra-operative and postoperative haemodynamics are
essential for the elimination of potentially life-threat-
ening perioperative and late cerebrovascular events.112
Intra-operative quality control after CEA has been advo-
cated to improve the results of surgical treatment of
extracranial CAD. The aim of completion study after CEA
is to identify potential technical defects or imperfections
in the site of endarterectomy (intimal flaps, platelet
aggregates, plaque residues, stenosing sutures and patch
curves) that may be related to perioperative neurological
complications and re-stenosis.113,114 Completion angiog-
raphy was introduced in 1968 by Blaisdell115 to achieve
intra-operative quality control. In recent years, duplex
imaging, angioscopy and IVUS have been proposed as
alternative, accurate and less-invasive methods. There is
no general agreement regarding either the need for
routinely performing intra-operative control or the supe-
riority of one method over the others. Routine arteriog-
raphy following CEA is not suggested.116 A policy of
patient individualisation at the surgeon’s discretion seems
to make the intervention safe.Invasive treatment recommendation 11. Quality control of
CEA
 Completion evaluation of the results of CEA in the form
of either ultrasound or arteriography is advisable [B].
B1.7 Perioperative medical treatment
As indicated by the latest Cochrane review, antiplatelet
drugs reduce the odds of stroke in patients undergoing
CEA.117 It is suggested that antiplatelets may increase the
odds of haemorrhage, but there are currently very few
data to quantify this effect. Therefore, there is no reason
to withhold antiplatelet drugs from patients undergoing
CEA. In a double-blinded, placebo-controlled trial,
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operative strokes without complete recovery within
1 week.118 The intra-operative bleeding did not differ
between the groups. The ACE trial, a double-blind RCT,
compared 81, 325, 650 and 1300 mg of aspirin, adminis-
tered before CEA and continued for 3 months.119 The
combined rate of stroke, MI and death was the primary
outcome and was lower in the low-dose groups (81 mg and
325 mg) than in the high-dose groups (650 mg and 1300 mg)
at 30 days (5.4 vs. 7.0%, p < 0.07) and at 3 months (6.2 vs.
8.4%, p < 0.03).
Although clopidogrel has defined indications for stroke
prevention, it is not clear how to manage this medication at
the time of surgery. The role of clopidogrel combined with
ASA in reducing cerebral emboli in patients undergoing CEA
was studied by Payne et al.120 Patients on routine 150-mg
ASA were randomised to 75 mg of clopidogrel or placebo.
The magnitude of embolisation, by transcranial Doppler, in
the first 3 h after surgery was significantly reduced in the
clopidogrel group (2.2%) compared with patients receiving
placebo (18.5%), representing a 10-fold reduction in the
relative risk. However, in the clopidogrel-treated patients,
the time from flow restoration to skin closure (an indirect
marker of haemostasis) was significantly increased,
although there was no increase in bleeding complications or
blood transfusions.
For patients who receive anticoagulants (e.g., for atrial
fibrillation of mechanical valve), there is a lack of well-
designed studies or reports on large populations for accu-
rate risk quantification for those temporarily discontinuing
anticoagulation for surgery. Bridging anticoagulant therapy
with heparin or low-molecular-weight heparin should be
considered for the majority of patients who require
temporary interruption of warfarin therapy.121 In patients
who are receiving warfarin therapy with a target Interna-
tional Normalised Ratio (INR) of 2.0e3.0 or 2.5e3.5, stop-
ping warfarin 5 or 6 days, respectively, before surgery will
ensure a normal INR at the time of surgery.122 INR testing
should be performed on the day before surgery to ensure it
is normal.
With regard to the effect of perioperative administra-
tion of statins to patients undergoing CEA, a study has been
undertaken at the Johns Hopkins Medical Institutions during
a 10-year period.123 CEA was performed on 1566 patients,
including 126 (8%) patients who underwent a combined
CEA/coronary artery bypass grafting (CABG) procedure.
Statin use was associated with reduction in perioperative
strokes (1.2% vs. 4.5%; p < 0.01); mortality (0.3% vs. 2.1%;
p < 0.01) and length of hospitalisation (median 2 days
[interquartile range, 2e5] vs. 3 days [interquartile range,
2e7]; p < 0.05). Perioperative statin use was found to
independently reduce the odds of stroke threefold
(ORZ 0.35; 95% CI: 0.15e0.85; p < 0.05) and of death
fivefold (ORZ 0.20; 95% CI: 0.04e0.99; pZ 0.05]. The
decreased perioperative stroke rate observed with statin
use persisted regardless of the year of surgery.
There have been two prospective randomised trials
examining the efficacy of perioperative statin therapy
among patients undergoing major vascular surgery. The
first investigation, carried out by Durazzo et al.,124 rand-
omised patients undergoing CEA or other major vascular
operation to receive 20 mg atorvastatin or placebo oncea day for 45 days, irrespective of their serum cholesterol
concentration. Vascular surgery was performed on an
average 30 days after randomisation, and the patients
were prospectively followed up over 6 months. Patients
taking statins in this trial were found to have a threefold
decrease (8% vs. 26%, p < 0.031) in the rate of combined
cardiovascular events, including acute MI, ischaemic
stroke, unstable angina and death from cardiac causes at
6 months. In the other prospective non-randomised clinical
trial by Schouten et al.,125 statin therapy was adminis-
tered to patients for 40 days prior to their elective
vascular procedure, and the medication was continued
when the patients resumed oral intake in the post-
operative period. This study demonstrated that statin
therapy was associated with a significantly reduced
composite end-point of perioperative death and MI (8.8%
vs. 14.7%; p < 0.01).
Given that statins appear to provide benefit during the
perioperative period through both pleiotropic and lipid-
lowering mechanisms, it would be reasonable to administer
statins to patients as early as possible before their opera-
tion.126 There are no objective data available at this time
to suggest the superiority of one statin medication over the
other in the perioperative period.
Invasive treatment recommendation 12. Perioperative
medical treatment
 Aspirin at a dose of 75e325 mg daily as along with
statins should be given before, during and following
CEA [A].
Critical issue
 More data from randomised trials are required to
establish the role of clopidogrel during CEA.
B2 Technique of Stenting the Carotid Artery
B2.1 Introduction
This section describes the basic procedural technique and
complications and tries to identify those factors that are
likely to affect peri-procedural outcomes. It is recognised
that there are many variations of the basic techniquedthis
section is not meant to be prescriptive. Data have been
obtained from peer-reviewed publications where possible.
B2.2 Basic technique
 The decision to undertake CAS is best taken by
a multidisciplinary team.
 Patients should have had their risk factors addressed
and should normally be taking dual antiplatelet
therapy.127
 Access is typically via the common femoral artery,
although direct carotid puncture and access via the
upper limbs is recognised.128
 Heparin 5000e7500 I.U. is delivered (5000 I.U. will
provide twice normal ACT for 45 min). Some units
monitor the ACT to twice normal.
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carotid artery bifurcation.
 In the majority of the cases, mechanical cerebral
protection will be used at this stage. Currently, such
cerebral protection includes: (a) proximal occlusion
(endovascular clamp or reverse flow), (b) distal balloon
occlusion and (c) filters. No particular technique has
been demonstrated to be superior to the others.129
 Atropine (0.6e1.2 mg) or glycoppyrolate (0.6 mg) is
delivered to reduce stimulation of the carotid
baroreceptors.130
 Pre-dilatation of the stenosis is undertaken by some, in
cases of pre-occlusive stenosis, to facilitate subsequent
stent placement.
 A self-expanding stent is placed to cover the entire
lesion. Balloon-expandable stents are no longer used
because of the risk of crushing leading to arterial
occlusion, and no one type of self-expanding stent has
yet been shown to be superior to another.
 Post-dilatation is then performed. Current practice
favours under-dilatation to restrict distal embolisation.
 The mechanical cerebral protection device is retrieved.
 Often, arterial closure devices are used at the femoral
artery to shorten time of immobilisation.
High-quality imaging is paramount to accurate, safe treat-
ment, and it therefore makes sense that the procedure is
undertaken using dedicated digital subtraction angio-
graphic equipment with a mobile table and rotating arm.
A large image intensifier facilitates manipulation across
a large field, and on-line measurement ensures that
a correct size of protection devices and stents are used.
The presence of an anaesthesiologist or another physician
capable of maintaining adequate haemodynamic control is
mandatory.
B2.3 Complications
Complications related to the cerebral protection systems
are frequent.131 Spasm at the site of filter deployment is
common and, in the majority of cases, is minor and does
not require intervention. Occasionally, it may be so severe
as to cause arrest of flow. Arrest of flow should, therefore,
first be managed by moving the filter away from the site
of spasm and then by administering an anti-spasmodic
drug (e.g., nitrate 200 mg) once some flow has been
restored.
Other causes of arrest of flow are dissection, acute stent
thrombosis and a filter filled with debris. Flow-limiting
dissection is best managed with a further stent. An acute
stent thrombosis is extremely rare and would probably be
best managed with a Gp IIb/IIIa inhibitor (e.g., Rheopro) or
a lytic agent (e.g., rtPA) with the cerebral protection
system in place. If a large embolus is identified within the
filter prior to retrieval, this is probably best managed by
partially closing and removing the filter, if possible, or else,
repeat usage of either a Gp IIb/IIIa inhibitor (e.g., Rheopro)
or a lytic agent (e.g., rtPA) can be attempted.
Occasionally, an acute hemispheric event is witnessed
on table. With the use of cerebral protection, this is very
rarely due to a visible embolus within the intracranial
circulation. If an embolus is visualised on angiography, then
mechanical disruption, removal and lysis have all beensuccessfully employed, and there is currently no suggestion
to consider that one technique is better than the other.
Usually, however, no embolus is identified. Therefore, the
mechanism is probably distal micro-embolisation. This
should be confirmed by MRI, and haemorrhage should be
excluded. It is then advisable to keep these patients anti-
coagulated to restrict extension of thrombus.
Hypotension immediately following CAS occurs in
19e51% of patients but is usually transient and rarely
symptomatic.130,132e135 It may last longer than 24 h in 3e4%
of patients. There is currently no consensus as to which
patients require vasopressor agents.
Bradycardia is also common, with a reported incidence
of 2.3e37% in cases of prophylactic atropine admin-
istration130,136e138 and 23e62% in cases without the use of
prophylactic atropine.130,135,139e141 Increased age, symp-
tomatic lesions, presence of ulceration and calcification
and carotid bulb lesions have been found to be significant
predictors of bradycardia during CAS. Prophylactic place-
ment of a temporary pacemaker is not very popular, while
prophylactic administration of atropine is debatable due to
its potential side effects, including tachycardia which
increases cardiac oxygen demand.
Major access-site complications occur in around 3% of
patients and include haemorrhage and arterial occlusion.
Other complications (deterioration in renal function,
etc.) are generic to endovascular procedures.B2.4 Improving the outcome of carotid stenting
Training and experience
Several papers from the ICCS (Italian Consensus Carotid
Stenting)/SPREAD group, the American Society of Inter-
ventional and Therapeutic Radiology, the American Society
of Neuroradiology and the Society for Vascular Surgery have
focused on training, competence and credentialing stan-
dards in CAS.142e144
A proper training for interventionalists dealing with
supra-aortic endovascular engagements should include the
following issues:
1. Cognitive training in cerebrovascular disease.
2. Diagnostic angiographic training: virtual reality could
be useful.
3. Interventional training: a specific training on individual
devices from different manufacturers.
4. Surgical training.
The technical skill should be maintained over time. This
can be achieved through maintaining a minimum caseload
per year.
It should be noted that there is a wide range of minimum
training and credentialing requirements indicated by
different society guidelines. The SCAI/SVMB/SVS clinical
competence statement on carotid interventions requires
that the trainee should have performed at least 15 diag-
nostic cervicocerebral angiograms as primary operator prior
to functioning as a primary stent operator.143 The respec-
tive value required by the NeuroVascular Coalition Writing
Group is 100 appropriately supervised diagnostic cervico-
cerebral angiograms,144 whereas the ICCSeSPREAD Joint
Committee requests 150 procedures of supra-aortic vessels
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procedures) of which 100 are as the primary operator.136
Similarly, the minimum training to achieve the basic
competence and technical skill as the primary operator for
performing carotid stenting ranges between 25 carotid
stenting procedures (half as primary operator)143 and 75
procedures (of which 50 as primary operator).142 CAS
simulators have proved to be useful both for training and
assessment of technical skills, but cannot substitute for live
experience.
The diversity of credentialing standards is also reflected
in the different thresholds required by the eligibility of RCT
participants. The SPACE trial required 25 successful
consecutive percutaneous transluminal angioplasty or stent
procedures,28 while EVA-3S required at least 12 carotid
stenting procedures or at least 35 stenting procedures in
the supra-aortic trunks, of which at least five in the carotid
artery.27 In the SAPPHIRE26 and CREST145 trials, the expe-
rience of interventional physicians had to be equal to or
superior to the published results of carotid stenting (i.e., an
incidence of peri-procedural stroke or death of less than
6e8%).
Drugs
There has been only one RCT evaluating the effect of dual
antiplatelet treatment in CAS.146 In this study, 75 mg aspirin
plus 24-h heparin was compared with 75 mg aspirin plus
a loading dose of 300 mg clopidogrel 6e12 h before the
procedure. Dual antiplatelet treatment was found to be
associated with a significant reduction in the neurological
complication rate (25% vs. 0%) without an additional
increase in bleeding complications. The optimal dose of
aspirin ranges between 75 and 325 mg, while the dose of
clopidogrel is 75 mg, both starting at least 3 days before the
stenting procedure.27,28,147e149 In urgent cases, 300 mg of
clopidogrel in a single dose can be given 6e12 h before the
procedure. Dual antiplatelet treatment should continue for
at least 1 month after carotid stent placement and pref-
erably for 3 months, taking into account that stent endo-
thelialisation is a slow process, needing 28e96 days to
complete.150
Despite the lack of randomised trials for post-CAS anti-
platelet therapy, evidence from the CURE and CREDO
studies for patients with unstable angina or percutaneous
coronary angioplasty suggest that prolonged dual anti-
platelet therapy may reduce major ischaemic events in
patients after carotid stenting.151,152 The demonstration
that high-risk subgroups such as diabetics and patients with
previous cardiac surgery show magnified benefit with clo-
pidogrel compared with aspirin raises the possibility that
these subgroups, in particular, may derive benefit from
extended dual antiplatelet therapy.153
Considering the beneficial effect of statins on patients
undergoing CEA, it is reasonable to advocate their efficacy
for patients undergoing CAS. However, no randomised or
prospective studies currently exist. In a retrospective
review, Groschel et al.154 identified 180 patients who
underwent CAS for high-grade symptomatic carotid artery
stenoses. The incidence of all cardiovascular events was 4%
among statin users compared to 15% (p < 0.05) among
those not receiving statins. This included a stroke rate of
4% versus 12%, a mortality rate of 0% versus 2% and an MIrate of 0% versus 2%. Further investigations are, however,
required.
It is likely that drugs intended to block the carotid
baroreceptors provide some protection against serious
bradycardia and asystole during manipulation in the carotid
bulb.130
Mechanical cerebral protection systems
No randomised trials attest to the benefits of mechanical
cerebral protection systems. However, a systematic review
of all studies reporting on the incidence of CAS complica-
tions that were published between 1990 and 2002 showed
that the combined stroke and death rate within 30 days was
1.8% in patients treated with cerebral protection devices
compared with 5.5% in patients treated without cerebral
protection devices (p < 0.001).155 The review included 2537
CAS procedures without protection devices and 896 CAS
procedures with protection devices. A subsequent report by
the Global Carotid Artery Stent Registry documented a 5.3%
rate of stroke and procedure-related death in 6753 cases
performed without protection, whereas the respective rate
in 4221 cases performed with cerebral protection was
2.2%.156 The publication of these data has led to the almost
universal adoption of the routine use of cerebral protection
devices during CAS.
Nevertheless, the latest meta-analysis by The Cochrane
Collaboration concluded that there is no significant differ-
ence in death or any stroke between endovascular treat-
ment with or without cerebral protection (ORZ 0.77, 95%
CI: 0.41e1.46, pZ 0.43).30 The meta-analysis included two
studies (EVA-3S and SPACE), none of which was a rando-
mised comparison of angioplasty with or without cerebral
protection.
The first prospective randomised study of CAS with or
without a distal cerebral protection filter was recently
published and showed that, contrary to the initial expec-
tations, new MRI lesions developed in 72% of the cerebral
protection group compared with 44% in the no cerebral
protection group (pZ 0.09).157 Most of these lesions were
silent, with the stroke rate being equal in the two groups
(11%). The major limitation of this study was the small
number of cases included (36 stenting procedures in 35
patients), which was due to the reluctance of the patients
to participate in a study with no cerebral protection group.
Invasive treatment recommendation 13. Improving the CAS
outcome
 CAS should be performed under dual antiplatelet
treatment with aspirin and clopidogrel [A].
 Dual antiplatelet treatment should start before CAS and
continue for 3 months after the stenting procedure [C].
 Validated training programmes should be developed [B].
 Cerebral protection devices are probably beneficial [C].
Critical issues
 The benefit of cerebral protection devices is not sup-
ported by Level A evidence.
 The optimal type of cerebral protection has still to be
defined.
 The ideal stent has yet to be developed.
Clinical history
Treat risk factors
Adjunctive medical treatment
Symptomatic stenosis >70% Asymptomatic stenosis >70%
Carotid endarterectomy or
angioplasty
Peripheral vascular procedure
Figure 1 Algorithm for the management of simultaneous
carotid artery disease and peripheral vascular disease. Adap-
ted from Clement et al.167
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and Carotid Disease
B3.1 Introduction
Peripheral arterial disease (PAD) is a marker of systemic
atherosclerotic disease with increased risk of stroke,
myocardial infarct as well as cardiovascular death.158e161
Arteriosclerosis is a generalised and progressive disease and
affects different arterial segments of the body. The
prevalence of simultaneous significant carotid artery
stenosis in this group of patients is high. Several studies
have demonstrated concomitant carotid lesions (>50%
stenosis) in up to 33% of patients with symptomatic
PAD.162,163 This has to be compared with cross-sectional
and population-based studies where the incidence of
a stenosis >50% seem to be in the range of 0.8e8%. Even
higher numbers up to 60% have been reported if stratified
for further risk factors such as diabetes, age above 70 years
and an ankle/brachial index (ABI) <0.8.164,165 The vast
majority of these are asymptomatic; however, the clinical
management is complicated in terms of the immediate
approach as well as secondary prevention.
B3.2 Diagnosis
Careful history taking is important in patients scheduled for
interventional treatment of PAD to elucidate symptoms
possibly originating from CAD. Clinical and neurological
examination is also important, which includes palpation as
well as auscultation of the carotid artery. However, it is
necessary to be careful in interpreting these findings since
a carotid artery bruit does not necessarily demonstrate
a significant stenosis. Similarly, the absence of a bruit does
not predict a normal artery.166
In a patient with a recent (<6 months) history of
TIA/stroke, a duplex examination of the carotid arteries
should be performed. One might also consider a duplex
scan in all vascular patients, but such a generalised
screening is controversial and the cost-effectiveness
remains to be demonstrated. According to a study by Cina
et al., an ABI <0.4 in addition to two or more cardiovascular
risk factors justify screening in this particular subgroup.163
Other diagnostic modalities include magnetic resonance
angiography (MRA) and conventional contrast angiography,
but these investigations should be limited to cases with
inconclusive duplex scans.
B3.3 Clinical management
Risk factor management is mandatory, including diabetes
control and treatment of heart failure and hypertension.
Antiplatelet drugs and statins are important as adjunctive
treatment to reduce the risk of embolisation, and possibly
also for plaque stabilisation.
The treatment of PAD should not be delayed due to an
asymptomatic carotid artery stenosis. The asymptomatic
carotid artery may subsequently be handled according to
the centre’s policy (Fig. 1).167
On the other hand, a >70% carotid artery stenosis,
causing symptoms within the recent 6 months has priority
for treatment before surgery for PAD.
Another possible approach is a simultaneous procedure,
however, this approach might be quite demanding to the
patient.Noscientificproof exists for this kindofmanagement.Invasive treatment recommendation 14. Simultaneous
management of peripheral arterial and carotid disease
 A carotid stenosis which has been asymptomatic for
6 months need not delay the operative treatment of
peripheral vascular disease [C].
B4 Simultaneous Management of Coronary and
Carotid Artery Disease
The incidence of significant carotid stenosis in patients
undergoing CABG ranges between 2.8% and 22%,168,169
whereas 28e40% of patients undergoing CEA have signifi-
cant concomitant coronary artery disease.170,171 In general,
patients with mild or moderate coronary artery disease can
undergo CEA with acceptably low perioperative risk.
However, in patients with severe coronary artery disease,
as manifested by unstable angina or NYHA functional status
III or IV, and symptomatic, critical carotid stenosis, the
optimal surgical strategy remains debatable. Operating on
the carotid lesion first exposes the patient to an increased
risk of perioperative morbidity and mortality from MI;
operating on the coronary arteries first exposes the patient
to an increased risk of perioperative stroke, while con-
ducting both operations simultaneously may result in
excessive surgical stress for the patient.
Several meta-analyses have been performed in order to
summarise the wealth of divergent data reported in the
literature. The most recent meta-analysis,172 including 97
published studies following 8972 staged or combined
operations, concluded that there is no significant differ-
ence in outcomes for staged and synchronous procedures.
The combined risk of death/stroke or MI was 10e12% for
both strategies. However, in the absence of randomised
trials, it is impossible to draw definite conclusions regarding
the best management strategy. Until a contemporary,
totally randomised study resolves the confusion surrounding
the appropriate management of patients with concomitant,
severe coronary and carotid artery disease, the surgical
approach should be individualised, based on the specific
risk profile of each patient.
Name Participation Discipline
1 K. Balzer Vascular surgery
2 E. Bastounis Surgery
3 J. Beard Vascular surgery
4 J.-P. Becquemin Vascular surgery
5 F. Benedetti-Valentini Vascular surgery
6 M. Brown Neurology
7 P. Cao Vascular surgery
8 A. Cremonesi Cardiology
9 P. Dimakakos Vascular surgery
10 A. Froio Vascular surgery
11 P. Gaines Radiology
12 G. Gensini Cardiology/Internal
medicine
13 A. Halliday Vascular surgery
14 M. Heikkinen Vascular surgery
15 M. Horrocks Vascular surgery
16 J. Kakisis Vascular surgery
17 C. Karkos Vascular surgery
18 K. Katsenis Vascular surgery
19 D. Kiskinis Vascular surgery
20 K. Konstantinidis Vascular surgery
21 T. Kotsis Vascular surgery
22 M. Lavitrano Pathology/
immunology
23 T. Ma¨tzsch Vascular surgery
24 R. Naylor Vascular surgery
25 B. Norrving Reviewer Neurology
26 H. Pa¨rsson Vascular surgery
27 J. Powell Reviewer Vascular medicine
28 D. Raithel Vascular surgery
29 J. Salenius Vascular surgery
30 C. Setacci Vascular surgery
S14 C.D. Liapis et al.It remains to be proved whether carotid stenting could
be the solution for simultaneous management of coronary
and carotid artery disease. The SAPPHIRE trial showed
that carotid stenting is superior to endarterectomy with
regards to cardiac complications in high-risk patients.26
A randomised trial exclusively of patients in need of CABG
is needed to provide definite answers.
Invasive treatment recommendation 15. Simultaneous
management of coronary and carotid artery disease
 Until data from randomised trials are available, the
surgical approach to the patient with simultaneous
severe coronary and carotid artery disease should be
individualised, based on the specific risk profile of each
patient [C].
B5 Developments (Trials Under Way)
The main focal points of the ongoing international multi-
centre RCTs concerning the treatment outcomes of carotid
artery stenosis are: the role of percutaneous transluminal
angioplasty and stenting (endovascular treatment), the
optimal treatment of the asymptomatic CAS and CEA under
GALA. The other areas of interest are the prevention of
postoperative thrombo-embolic stroke and treatment of
carotid occlusion.
The following are a few of the studies currently in
progress:
 The International Carotid Stenting Study (ICSS), which
will compare primary stenting with CEA in the treat-
ment of symptomatic carotid artery stenosis.
 The Carotid Revascularisation Endarterectomy versus
Stenting Trial (CREST), which will compare endovas-
cular treatment with endarterectomy in patients with
either symptomatic or asymptomatic carotid stenosis.
 The Transatlantic Asymptomatic Carotid Intervention
(TACIT), which will compare the best medical therapy
combined with carotid stenting or endarterectomy with
the best medical therapy alone in the prevention of
stroke and death in patients with asymptomatic carotid
stenosis,
 The Asymptomatic Carotid Surgery Trial 2 (ACST-2),
which will compare carotid endarterectomy and CAS in
the treatment of asymptomatic carotid stenosis.
 The Asymptomatic Carotid Stenosis, Stenting Versus
Endarterectomy Trial (ACT I), which will compare
endovascular treatment with CEA in patients with
severe CAS who have not had symptoms within
180 days.
 The Carotid Occlusion Surgery Study (COSS), which will
determine whether surgical anastomosis of the super-
ficial temporal artery to the middle cerebral artery in
conjunction with the best medical therapy can reduce
the incidence of ipsilateral ischaemic stroke by at least
40% in patients with symptomatic internal carotid
artery occlusion.
 The SPACE-2 study, which is a three-armed comparison
among up-to-date best medical treatment, CAS and
CEA in patients with asymptomatic CAD.ESVS working groups on indications and treatment of
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